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Abstract
In this work, we study the localized CP violation and the branching fraction of the four-body decay B¯0 →
K−pi+pi−pi+ by employing a quasi-two-body QCD factorization approach. Considering the interference of B¯0 →
K¯∗0 (700)ρ
0(770) → K−pi+pi−pi+ and B¯0 → K¯∗(892)f0(500) → K−pi+pi−pi+ channels, we predict ACP(B¯0 →
K−pi+pi−pi+) ∈ [0.15, 0.28] and B(B¯0 → K−pi+pi−pi+) ∈ [1.73, 5.10] × 10−7, respectively, which shows that this
two channels’ interference mechanism can induce the localized CP violation to this four-body decay. Meanwhile,
within the two quark model framework for the scalar mesons f0(500) and K¯
∗
0 (700), we calculate the direct CP
violations and branching fractions of the B¯0 → K¯∗0 (700)ρ0(770) and B¯0 → K¯∗(892)f0(500) decays, respectively. The
corresponding results are ACP(B¯0 → K¯∗0 (700)ρ0(770)) ∈ [0.20, 0.36], ACP(B¯0 → K¯∗(892)f0(500)) ∈ [0.08, 0.12],
B(B¯0 → K¯∗0 (700)ρ0(770) ∈ [6.76, 18.93]× 10−8 and B(B¯0 → K¯∗(892)f0(500)) ∈ [2.66, 4.80]× 10−6, respectively,
indicating the CP violations of these two two-body decays are both positive and the branching fractions are quite
different. These studies provide a new way to investigate the aforementioned four-body decay and could be helpful
in clarifying the configuration of the structure of light scalar meson.
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I. INTRODUCTION
Charge-Parity (CP ) violation is one of the most fundamental and important properties of the weak
interaction. Nonleptonic decays of hadrons containing a heavy quark play an important role in testing
the Standard Model (SM) picture for the CP violation mechanism in flavor physics, improving our
understanding of nonperturbative and perturbative QCD and exploring new physics beyond the SM. CP
violation is related to the weak complex phase in the Cabibbo-Kobayashi-Maskawa (CKM) matrix, which
describes the mixing of different generations of quarks [1, 2]. Besides the weak phase, a large strong phase
is usually also needed for a large CP violation. Generally, this strong phase is provided by QCD loop
corrections and some phenomenological models.
Recently, more attentions have been focused on the studies of the two- or three-body heavy meson
decays both theoretically and experimentally [3–12], while for the four-body nonleptonic decays of these
heavy mesons there are limited studies [13–15]. Because of the complicated phase spaces and relatively
smaller branching fractions, four-body decays of heavy mesons are hard to be investigated. However,
in the aspect of studying the intermediate resonances, four-body decays of heavy mesons can provide
rich information, especially for the unclear compositions of scalar mesons like f0(500) (σ), K
∗(700) (κ),
a0(980) and f0(980). Up to now, the descriptions of the inner structures for the light scalar states are
still unclear and even controversial, which could be, for example, qq¯, q¯q¯qq, meson-meson bound states or
even those supplemented with a scalar glueball. Studying four-body decays of heavy mesons in addition
to two- or three- body decays can provide useful information for clarifying configurations of light scalar
mesons. In fact, with the great development of the large hadron collider beauty (LHCb) and Belle-II
experiments, more and more four-body decay modes involving one or two scalar states in the B and D
meson decays are expected to be measured with good precision in the future.
As mentioned above, four-body meson decays are generally dominated by intermediate resonances,
which means that they proceed through quasi-two-body or quasi-three-body decays. In our work, we
will adopt the quasi-two-body decay mechanism to study the four-body decay B¯0 → K−pi+pi−pi+, i.e.
B¯0 → K¯∗0 (700)ρ0(770) → K−pi+pi−pi+ and B¯0 → K¯∗(892)f0(500)→ K−pi+pi−pi+, where the light scalars
f0(500) and K
∗(700) will be considered as lowest-lying and first excisted qq¯ states [16], respectively. We
can then explore whether the localized CP violation of the four-body decay B¯0 → K−pi+pi−pi+ can be
induced by these two channels’ interference.
Theoretically, to calculate the hadronic matrix elements of B or D weak decays, some approaches, such
as QCD factorization (QCDF) [6, 17], the perturbative QCD(pQCD) [18] and the soft-collinear effective
theory(SCET) [19], have been fully developed and extensively employed in recent years. Unfortunately,
in the collinear factorization approximation, the calculation of annihilation corrections always suffers
from the end-point divergence. In the QCDF approach, such divergence is usually parameterized in a
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model-independent manner [6, 17] and will be explicitly expressed in Sect. II.
The remainder of this paper is organized as follows. In Sect. II, we present our theoretical framework.
The numerical results are given in Sect. III and we summarize our work in Sect IV. Appendix A
recapitulates explicit expressions of hard spectator-scattering and weak annihilation amplitudes. The
factorizable amplitudes of two-body decays are summarized in Appendix B. Related theoretical parameters
are listed in Appendix C.
II. THEORETICAL FRAMEWORK
A. Kinematics of the four-body decay
The kinematics of the process B¯0 → K−(p1)pi+(p2)pi−(p3)pi+(p4) is described in terms of the five
variables displayed in Fig. 1 [20, 21] in which
ΣKpi
θK
K−
~c
π+
~v
φ
B¯
0
~d
π−
π+
θpi
Σpipi
FIG. 1: The reference frames and the kinematic variables in the B¯0 → K−pi+pi−pi+ decay.
(i) the invariant mass squared of the Kpi system sKpi = (p1 + p2)
2 = m2Kpi;
(ii) the invariant mass squared of the pipi system spipi = (p3 + p4)
2 = m2pipi;
(iii) θpi is the angle of the pi
+ in the pi−pi+ center-of-mass frame Σpipi with respect to the pis’ line of flight
in the B¯0 rest frame ΣB¯0 ;
(iv) θK is the angle of the K
− in the Kpi center-of-mass system ΣKpi with respect to the Kpi line of
flight in ΣB¯0 ;
(v) φ is the angle between the Kpi and pipi planes.
The physical ranges are
4m2pipi ≤ spipi ≤ (mB¯0 −mKpi)2,
(mK +mpi)
2 ≤ sKpi ≤ (mB¯0 −
√
spipi)
2,
0 ≤ θpi, θK ≤ pi, 0 ≤ φ ≤ 2pi.
(1)
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We consider the localize CP violation of the B¯0 → K−(p1)pi+(p2)pi−(p3)pi+(p4) decay when the in-
variant mass of pipi is near the masses of ρ0(770) and f0(500), and the invariant mass of Kpi is near the
masses of K¯∗0 (700) and K¯
∗(892), respectively. We adopt(
mρ0(770) −
Γρ0(770)
2
)2
≤ spipi ≤
(
mρ0(770) +
Γρ0(770)
2
)2
,
(
mK¯∗
0
(700) −
ΓK¯∗
0
(700)
2
)2
≤ sKpi ≤
(
mK¯∗
0
(700) +
ΓK¯∗
0
(700)
2
)2
,
(2)
for B¯0 → K¯∗0 (700)ρ0(770)→ K−pi+pi−pi+ decay, and
(
mf0(500) −
Γf0(500)
2
)2
≤ spipi ≤
(
mf0(500) +
Γf0(500)
2
)2
,
(
mK¯∗(892) −
ΓK¯∗(892)
2
)2
≤ sKpi ≤
(
mK¯∗(892) +
ΓK¯∗(892)
2
)2
,
(3)
for B¯0 → K¯∗(892)f0(500) → K−pi+pi−pi+ decay, respectively. In Eqs. (2) and (3), mρ0(770), mf0(500),
mK¯∗
0
(700) and mK¯∗(892) are the masses of ρ
0(770), f0(500), K¯
∗
0 (700) and K¯
∗(892) mesons, respectively.
Γρ0(770), Γf0(500), ΓK¯∗0 (700) and ΓK¯∗(892) are the widthes of the corresponding mesons, respectively.
Instead of the individual momenta p1, p2, p3, p4, it is more convenient to use the following kinematic
variables
P = p1 + p2, Q = p1 − p2,
L = p3 + p4, N = p3 − p4.
(4)
It follows that
P 2 = sKpi, Q
2 = 2(p2K + p
2
pi)− sKpi, L2 = spipi,
P · L = 1
2
(m2B¯0 − sKpi − spipi), P ·N = X cos θ1.
(5)
where the function X is defined as
X(sKpi, spipi) =
[
(P · L)2 − sKpispipi
]1/2
=
1
2
λ1/2(m2B¯0 , sKpi, spipi),
λ(x, y, z) = (x− y − z)2 − 4yz.
(6)
B. B decay in QCD factorization
The effective weak Hamiltonian for nonleptonic B weak decays is [6]
Heff = GF√
2
[ ∑
p=u,c
∑
D=d,s
λ(D)p (c1O
p
1 + c2O
p
2 +
10∑
i=3
ciOi + c7γO7γ + c8gO8g)
]
+ h.c., (7)
where GF represents the Fermi constant, λ
(D)
p = VpbV
∗
pD, Vpb and VpD are the CKM matrix elements,
ci(i = 1− 10, 7γ, 8g) are Wilson coefficients, Op1,2 are the tree level operators, O3−6 are the QCD penguin
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operators, O7−8 arise from electroweak penguin diagrams, and O7γ andO8g are the electromagnetic and
chromomagnetic dipole operators, respectively.
With the effective Hamiltonian in Eq. (7), the QCDF method has been fully developed and exten-
sively employed to calculate the hadronic two-body B decays. The spectator scattering and annihilation
amplitudes are expressed with the convolution of scattering functions and the light-cone wave functions
of the participating mesons [6]. The explicit expressions for the basic building blocks of the spectator
scattering and annihilation amplitudes have been given in Ref. [6], which are also listed in Appendix A
for convenience. The annihilation contributions Ai,fn (n = 1, 2, 3) can be simplified to [22]:
Ai1(V S) ≈ 6piαs
{
3µS
[
B1(3XA + 4− pi2) +B3(10XA + 23
18
− 10
3
pi2)
]
− rSχrVχXA(XA − 2)
}
,
Ai2(V S) ≈ 6piαs
{
3µS
[
B1(XA + 29− 3pi2) +B3(XA + 2956
9
− 100
3
pi2)
]
− rSχrVχXA(XA − 2)
}
,
Ai3(V S) ≈ 6piαs
{
− rVχ µS
[
9B1(X
2
A − 4XA − 4 + pi2) + 10B3(3X2A − 19XA +
61
6
+ 3pi2)
]
− rSχ(X2A − 2XA +
pi2
3
)
}
,
Af3 (V S) ≈ 6piαs
{
− 3rVχ µS(XA − 2)
[
B1(6XA − 11) +B3(20XA − 187
3
)
]
+ rSχXA(2XA − 1)
}
,
Af1 (V S) = A
f
2(V S) = 0,
(8)
for M1M2 = V S, and
Ai1(SV ) = −Ai2(SV ), Ai2(SV ) = −Ai1(SV ), Ai3(SV ) = Ai3(V S), Af3 (SV ) = −Af3(V S), (9)
for M1M2 = SV , where the superscripts i and f refer to gluon emission from the initial and final state
quarks, respectively. The model-dependent parameter XA is used to estimate the end point contributions,
and expressed as
XA = (1 + ρAe
iφA) ln
mB
Λh
, (10)
with Λh being a typical scale of order 500 MeV, ρA an unknown real parameter and φA the free strong
phase in the range [0, 2pi]. For the spectator scattering contributions, the calculation of twist-3 distribution
amplitudes also suffers from the end point divergence, which is usually dealt with in the same manner as
in Eq. (9) and labeled by XH . In our work, when dealing with the end-point divergences from the hard
spectator scattering and weak annihilation contributions, we will follow the assumption XH = XA for the
B two-body decays [16]. Moreover, a quantity λB is introduced to parametrize the integral over the B
meson distribution amplitude through [6]
∫ 1
0
dρ
ρ
ΦB(ρ) ≡ mB
λB
. (11)
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C. Four-body decay amplitudes and localized CP violation
For the B¯0 → K−pi+pi−pi+ decay, we consider the contributions from B¯0 → K¯∗0 (700)ρ0(770) →
K−pi+pi−pi+ and B¯0 → K¯∗(892)f0(500) → K−pi+pi−pi+ channels. For convenience, f0(500), ρ0(770),
K¯∗0 (700) and K¯
∗(892) mesons will be denoted as σ, ρ, κ¯ and K¯∗, respectively. The amplitudes of these
two channels are
M(B¯0 → κ¯ρ→ K−pi+pi+pi−) = 〈κ¯ρ|Heff |B¯
0〉〈K−pi+|Hκ¯pi+pi− |κ¯〉〈pi−pi+|Hρpi−pi+ |ρ〉
Sκ¯Sρ
, (12)
and
M(B¯0 → K¯∗σ → K−pi+pi+pi−) = 〈K¯
∗σ|Heff |B¯0〉〈K−pi+|HK¯∗pi+pi− |K¯∗〉〈pi−pi+|Hσpi−pi+ |σ〉
SK¯∗Sσ
, (13)
respectively, where Hρpi+pi− , Hσpi+pi− , Hκ¯K−pi+ and HK¯∗K−pi+ are strong Hamiltonians for ρ → pi−pi+,
σ → pi−pi+, κ¯ → K−pi+ and K¯∗ → K−pi+ decays, respectively. Sκ¯, Sρ, SK¯∗ and Sσ are the reciprocal
of the propagators of the corresponding mesons. We shall adopt the Breit-Wigner function and the
Bugg model [23, 24] to deal with the distributions of the first three mesons (κ¯, ρ and K¯∗) and σ meson,
respectively.
Within the QCDF framework in Ref. [6], we can get the decay amplitudes of B¯0 → κ¯ρ, K¯∗σ which have
been listed in Appendix B. Combining Eqs. (B1) and (12), (B2) and (13), respectively, the amplitudes
of B¯0 → κ¯ρ→ K−pi+pi−pi+ and B¯0 → K¯∗σ → K−pi+pi−pi+ channels can be written as
M(B¯0 → κ¯ρ→ K−pi+pi+pi−) = iGF gκ¯Kpigρpipiεκ¯ · (pK− − ppi+)ερ · (ppi− − ppi+)
Sκ¯Sρ
∑
p=u,c
λ(s)p
×
{[
δpuα2(κ¯ρ) +
3
2
αp3,EW (κ¯ρ)
]
× 2fρmρε∗ρ · pBF B¯
0κ¯
1 (m
2
ρ)
+
[
αp4(ρκ¯)−
1
2
αp4,EW (ρκ¯)
]
× 2f¯κ¯mρε∗ρ · pBAB¯
0ρ
0 (m
2
κ¯)
+
[
bp3(ρκ¯)−
1
2
bp3,EW (ρκ¯)
]
× 2mρfB¯0fρf¯κ¯
}
,
(14)
and
M(B¯0 → K¯∗σ → K−pi+pi+pi−) = − iGF gK¯∗Kpigσpipi
SK¯∗Sσ
∑
p=u,c
λ(s)p
{[
1√
2
δpuα2(K¯
∗σ) +
√
2αp3(K¯
∗σ)
+
1
2
√
2
αp3,EW (K¯
∗σ)
]
× 2f¯σsAB¯0K¯∗0 (m2σ) +
[
αp3(K¯
∗σ) + αp4(K¯
∗σ)
− 1
2
αp3,EW (K¯
∗σ)− 1
2
αp4,EW (K¯
∗σ)
]
× 2f¯σsAB¯0K¯∗0 (m2σ) +
[
1
2
√
2
αp4,EW (σK¯
∗)
− 1√
2
αp4(σK¯
∗)
]
× 2fK¯∗F B¯
0σ
1 (m
2
K¯∗)−
[
bp3(K¯
∗σ) + bp3,EW (K¯
∗σ)
]
×mK¯∗fB¯0fK¯∗ f¯ sσ/(mB¯0pc) +
[
1√
2
bp3(σK¯
∗)− 1
2
√
2
bp3,EW (σK¯
∗)
]
×mK¯∗fB¯0fK¯∗ f¯nσ /(mB¯0pc)
}
,
(15)
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respectively, where gκ¯Kpi, gρpipi, gK¯∗Kpi, gσpipi are the strong coupling constants of the corresponding decays,
which are listed in Eq. (C4), F B¯
0κ¯
1 (m
2
ρ), A
B¯0ρ
0 (m
2
κ¯), A
B¯0K¯∗
0 (m
2
σ) and F
B¯0σ
1 (m
2
K¯∗
) are form factors for B¯0
to κ¯, ρ, K¯∗ and σ transitions, respectively, fρ, f¯κ¯, fB¯0 and fK¯∗ are decay constants of ρ, κ¯, B¯
0 and
barK∗ mesons, respectively, f¯σs and f¯
n
σ are decay constants of σ coming from the up and strange quark
components, respectively.
The total decay amplitude of the B¯0 → K−pi+pi+pi− including both B¯0 → κ¯ρ → K−pi+pi+pi− and
B¯0 → K¯∗σ → K−pi+pi+pi− channels can be written as
M =M(B¯0 → κ¯ρ→ K−pi+pi+pi−) +M(B¯0 → K¯∗σ → K−pi+pi+pi−). (16)
The differential CP asymmetry parameter can be defined as
ACP = |M|
2 − |M¯|2
|M|2 + |M¯|2 . (17)
The localized integration CP asymmetry can be measured by experiments and takes the following
form:
ACP =
∫
dΩ(|M|2 − |M¯|2)∫
dΩ(|M|2 + |M¯|2) , (18)
where Ω represents the phase space given in Eqs. (2) and (3) with dΩ = dspipidsKpidcosθpidcosθKdφ.
As for the decay rate, one has [13]
d5Γ =
1
4(4pi)6m3
B¯0
σ(spipi)X(spipi, sKpi)
∑
spins
|M|2dΩ, (19)
with
σ(spipi) =
√
1− 4m2pi/spipi. (20)
This leads to the branching fraction
B = 1
ΓB¯0
∫
d5Γ, (21)
where ΓB¯0 is the decay width of the B¯
0 meson.
III. NUMERICAL RESULTS
Within the QCDF approach, we get the amplitudes of the two-body decays B¯0 → κ¯ρ and B¯0 → K¯∗σ,
where the light scalar σ and κ¯ mesons are considered as the lowest-lying and first excisted qq¯ states [16],
respectively. As for the parameters for the end-point divergences, we take ρH(A) ≤ 0.5 and arbitrary
strong phases φA(H). All the form factors are evaluated at q
2 = 0 due to the smallness of m2ρ, m
2
κ¯,
m2σ and m
2
K¯∗
compared with m2
B¯0
. We also simply set F B¯
0→κ(0) = 0.3 and assign its uncertainty
7
to be ±0.1. With the given parameters, we obtain the CP violations and branching fractions of the
B¯0 → κ¯ρ and B¯0 → K¯∗σ decays substituting Eqs. (B1), (B2) into (17), respectively. The results are
ACP(B¯0 → κ¯ρ) ∈ [0.20, 0.36], ACP(B¯0 → K¯∗σ) ∈ [0.08, 0.12], B(B¯0 → κ¯ρ) ∈ [6.76, 18.93] × 10−8 and
B(B¯0 → K¯∗σ) ∈ [2.66, 4.80] × 10−6, respectively. Obviously, the CP violations of these two-body decays
are both positive, with the CP violation in B¯0 → K¯∗σ decay being smaller than that in B¯0 → κ¯ρ.
The magnitudes of the branching fractions in these two-body decays are different with the former being
about two orders smaller than the latter. When dealing with the the four-body decay B¯0 → K−pi+pi−pi+,
we adopt B(ρ → pi−pi+) ≈ 1, B(σ → pi−pi+) ≈ 23 , B(K¯∗ → K−pi+) ≈ 1, B(κ¯ → K−pi+) ≈ 23 . Then,
substituting Eq. (16) into (18) and (21), respectively, we get the localized CP violation and branching
fraction of the four-body decay B¯0 → K−pi+pi−pi+, with the results ACP(B¯0 → K−pi+pi−pi+) ∈ [0.15, 0.28]
and B(B¯0 → K−pi+pi−pi+) ∈ [1.73, 5.10] × 10−7. It is obvious that the sign of the localized CP violation
of B¯0 → K−pi+pi−pi+ is positive when the invariant masses of pipi and Kpi are near the masses of ρ
(σ) and κ¯ (K¯∗), respectively. This indicates that the interference of B¯0 → κ¯ρ → K−pi+pi−pi+ and
B¯0 → K¯∗σ → K−pi+pi−pi+ channels can induce the localized CP violation to the four-body decay
B¯0 → K−pi+pi−pi+. Our theoretical results shown here are predictions for ongoing experiments at LHCb
and Belle-II.
IV. SUMMARY
By studying the quasi-two-body decays within the QCDF approach, we predicted the localized CP
violation and branching fraction of the four-body decay B¯0 → K−pi+pi−pi+ due to the interference of the
two channels B¯0 → K¯∗0 (700)ρ0(770)(→ κ¯ρ) → K−pi+pi−pi+ and B¯0 → K¯∗(892)f0(500)(→ K¯∗σ) →
K−pi+pi−pi+, with the results ACP(B¯0 → K−pi+pi−pi+) ∈ [0.15, 0.28] and B(B¯0 → K−pi+pi−pi+) ∈
[1.73, 5.10] × 10−7. It is obvious that the sign of the localized CP violation of B¯0 → K−pi+pi−pi+
is positive. In the two quark model for the scalar mesons, we also obtained the CP violations
and branching fractions of the two-body decays B¯0 → K¯∗0 (700)ρ0(770) and B¯0 → K¯∗(892)f0(500)
as ACP(B¯0 → K¯∗0 (700)ρ0(770)) ∈ [0.20, 0.36], ACP(B¯0 → K¯∗(892)f0(500)) ∈ [0.08, 0.12], B(B¯0 →
K¯∗0 (700)ρ
0(770) ∈ [6.76, 18.93] × 10−8 and B(B¯0 → K¯∗(892)f0(500)) ∈ [2.66, 4.80] × 10−6, respec-
tively. Obviously, the CP violations of these two-body decays are both positive, and the CP violation
in B¯0 → K¯∗(892)f0(500) is smaller than that in B¯0 → K¯∗0 (700)ρ0(770). Futhermore, the branching
fractions in these two body decays are quite different, with the former being two orders smaller than the
latter. Our results will be tested by the precise data from future LHCb and Belle-II experiments. In the
present work, we assumed that f0(500) and K¯
∗
0 (700) are dominated by the qq¯ configuration. Possible
other structures of f0(500) and K¯
∗
0 (700) could affect the results in our interference model which will need
further investigation.
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Appendix A: Explicit expressions of hard spectator-scattering and weak annihilation amplitudes
For the hard spectator terms, we obtain [22]
Hi(M1M2) = − fB¯0fM1
D(M1M2)
∫ 1
0
dρ
ρ
ΦB¯0(ρ)
∫ 1
0
dξ
ξ¯
ΦM2(ξ)
∫ 1
0
dη
η¯
[±ΦM1(η) + rM1χ
ξ¯
ξ
Φm1(η)], (A1)
for i = 1− 4, 9, 10, where the upper sign is for M1 = V and the lower sign for M1 = S,
Hi(M1M2) = − fB¯0fM1
D(M1M2)
∫ 1
0
dρ
ρ
ΦB¯0(ρ)
∫ 1
0
dξ
ξ
ΦM2(ξ)
∫ 1
0
dη
η¯
[±ΦM1(η) + rM1χ
ξ
ξ¯
Φm1(η)], (A2)
for i = 5, 7 and Hi = 0 for i = 6, 8, ξ¯ = 1 − ξ and η¯ = 1 − η, ΦM(Φm) is the twist-2 (twist-3) light-cone
distribution amplitude of the meson M , and
D(SV ) = F B¯
0S
1 (0)m
2
B¯0 , D(V S) = A
B¯0V
0 (0)m
2
B¯0 , (A3)
and rMiχ (i=1,2) are “chirally-enhanced” terms defined as
rVχ (µ) =
2mV
mb(µ)
f⊥V (µ)
fV
,
r¯Sχ(µ) =
2mS
mb(µ)
.
(A4)
With the asymptotic light-cone distribution amplitudes, the building blocks for the annihilation am-
plitudes are given by [22]
Ai1 = piαs
∫ 1
0
dxdy


(
ΦV (x)ΦS(y)
[
1
x(1−x¯y) +
1
xy¯2
]
+ rVχ r
S
χΦv(x)Φ
s
S(y)
2
xy¯
)
, for M1M2 = V S,(
ΦS(x)ΦV (y)
[
1
x(1−x¯y) +
1
xy¯2
]
+ rVχ r
S
χΦ
s
S(x)Φv(y)
2
xy¯
)
, for M1M2 = SV,
Ai2 = piαs
∫ 1
0
dxdy


(
ΦV (x)ΦS(y)
[
1
y¯(1−x¯y) +
1
x2y¯
]
+ rVχ r
S
χΦv(x)Φ
s
S(y)
2
xy¯
)
, for M1M2 = V S,(
ΦS(x)ΦV (y)
[
1
y¯(1−x¯y) +
1
x2y¯
]
+ rVχ r
S
χΦ
s
S(x)Φv(y)
2
xy¯
)
, for M1M2 = SV,
Ai3 = piαs
∫ 1
0
dxdy


(
rVχΦv(x)ΦS(y)
2x¯
xy¯(1−x¯y) − rSχΦV (x)ΦsS(y) 2yxy¯(1−x¯y)
)
, for M1M2 = V S,(
− rSχΦsS(x)ΦV (y) 2x¯xy¯(1−x¯y) + rVχΦS(x)Φv(y) 2yxy¯(1−x¯y)
)
, for M1M2 = SV,
Af3 = piαs
∫ 1
0
dxdy


(
rVχΦv(x)ΦS(y)
2(1+y¯)
xy¯2
+ rSχΦV (x)Φ
s
S(y)
2(1+x)
x2y¯
)
, for M1M2 = V S,(
− rVχ ΦsS(x)ΦV (y)2(1+y¯)xy¯2 − rVχ ΦS(x)Φv(y)
2(1+x)
x2y¯
)
, for M1M2 = SV,
Af1 = A
f
2 = 0.
(A5)
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Appendix B: THE AMPLITUDES OF B¯0 → K¯∗0ρ0 AND B¯0 → K¯∗σ DECAYS
With the conventions in Ref. [11], we obtain the decay amplitudes for B¯0 → K¯∗0ρ0, K¯∗σ decays within
the QCDF framework which have the following forms:
M(B¯0 → κ¯ρ) = iGF
2
∑
p=u,c
λ(s)p
{[
δpuα2(κ¯ρ) + α
p
3,EW (κ¯ρ)
]
× 2fρF B¯0κ¯1 (m2ρ)mB¯0pc +
[
αp4(ρκ¯)−
1
2
αp4,EW (ρκ¯)
]
× 2f¯κ¯AB¯
0ρ
0 (m
2
κ¯)mB¯0pc +
[
bp3(ρκ¯)−
1
2
bp3,EW (ρκ¯)
]
× fB¯0fρfκ¯
}
,
(B1)
M(B¯0 → K¯∗σ) = − iGF
2
∑
p=u,c
λ(s)p
{[
1√
2
δpuα2(K¯
∗σ) +
√
2αp3(K¯
∗σ) +
1
2
√
2
αp3,EW (K¯
∗σ)
]
× 2f¯σsAB¯0K¯∗0 (m2σ)mB¯0pc +
[
αp3(K¯
∗σ) + αp4(K¯
∗σ)− 1
2
αp3,EW (K¯
∗σ)− 1
2
αp4,EW (K¯
∗σ)
]
× 2f¯σsAB¯0K¯∗0 (m2σ)mB¯0pc +
[
1
2
√
2
αp4,EW (σK¯
∗)− 1√
2
αp4(σK¯
∗)
]
2fK¯∗F
B¯0σ
1 (m
2
K¯∗)mB¯0pc
−
[
bp3(K¯
∗σ) + bp3,EW (K¯
∗σ)
]
fB¯0fK¯∗f¯
s
σ +
[
1√
2
bp3(σK¯
∗)− 1
2
√
2
bp3,EW (σK¯
∗)
]
fB¯0fK¯∗ f¯
n
σ
}
.
(B2)
Appendix C: THEORETICAL INPUT PARAMETERS
The predictions obtained in the QCDF approach depend on many input parameters. The values of
the Wolfenstein parameters are taken from Ref. [25]: ρ¯ = 0.117 ± 0.021, η¯ = 0.353 ± 0.013.
The effective Wilson coefficients used in our calculations are taken from Ref. [24]:
C ′1 = −0.3125, C ′2 = −1.1502,
C ′3 = 2.120 × 10−2 + 5.174 × 10−3i, C ′4 = −4.869 × 10−2 − 1.552 × 10−2i,
C ′5 = 1.420 × 10−2 + 5.174 × 10−3i, C ′6 = −5.792 × 10−2 − 1.552 × 10−2i,
C ′7 = −8.340 × 10−5 − 9.938 × 10−5i, C ′8 = 3.839 × 10−4,
C ′9 = −1.017 × 10−2 − 9.938 × 10−5i, C ′10 = 1.959 × 10−3.
(C1)
For the masses used in B¯0 decays, we use the following values (in GeV) [25]:
mu = md = 0.0035, ms = 0.119, mb = 4.2, mpi± = 0.14, mK+ = 0.494,
mf0(500) = 0.50, mK¯∗0 (700) = 0.824, mρ0(770) = 0.775, mK¯∗(892) = 0.895, mB¯0 = 5.28,
(C2)
and widthes are (in GeV) [25]
Γρ0(770) = 0.149, Γf0(500) = 0.5, ΓK¯∗0 (700) = 0.047, ΓK¯∗(892) = 0.047.
(C3)
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The strong coupling constants are determined from the measured partial widths through the relations
[7, 26]
gSM1M2 =
√
8pim2S
pc(S)
ΓS→M1M2 ,
gV M1M2 =
√
6pim2V
pc(V )3
ΓV→M1M2 ,
(C4)
where pc(S, V ) are the magnitudes of the three momenta of the final state mesons in the rest frame of S
and V mesons, respectively.
The following related decay constants (in GeV) are used [16, 27]:
fpi± = 0.131, fB¯0 = 0.21 ± 0.02, fK− = 0.156 ± 0.007,
f¯ sf0(500) = −0.21± 0.093, f¯uf0(500) = 0.4829 ± 0.076, f¯K¯∗0 (700) = 0.34 ± 0.02,
fρ0(770) = 0.216 ± 0.003, f⊥ρ0(770) = 0.165 ± 0.009,
fK¯∗(892) = 0.22 ± 0.005, f⊥K¯∗(892) = 0.185 ± 0.010.
(C5)
As for the form factors, we use [16, 27]:
F B¯
0→K
0 (0) = 0.35 ± 0.04, F B¯
0→f0(500)
0 (m
2
K) = 0.45± 0.15, AB¯
0→ρ0(770)
0 (0) = 0.303 ± 0.029,
A
B¯0→K¯∗(892)
0 (0) = 0.374 ± 0.034, F B¯
0→pi
0 (0) = 0.25 ± 0.03.
(C6)
The values of Gegenbauer moments at µ = 1GeV are taken from [16, 27],
αρ1 = 0, α
ρ
2 = 0.15 ± 0.07, αρ1,⊥ = 0, αρ2,⊥ = 0.14 ± 0.06,
α
K∗(892)
1 = 0.03 ± 0.02, αK
∗(892)
1,⊥ = 0.04 ± 0.03,
α
K∗(892)
2 = 0.11 ± 0.09, αK
∗(892)
2,⊥ = 0.10 ± 0.08,
Bu1,f0(500) = −0.42 ± 0.02, Bu3,f0(500) = −0.58 ± 0.19,
Bs1,f0(500) = −0.35 ± 0.003, Bs3,f0(500) = −0.43± 1.26,
B1,K¯∗
0
(700) = −0.92 ± 0.11, B3,K¯∗
0
(700) = 0.15 ± 0.09.
(C7)
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